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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE, APPARATUS OF
MANUFACTURING SEMICONDUCTOR
DEVICE AND SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priorities {from the prior Japanese Patent Application No.
2006-258536, filed on Sep. 235, 2006, and the prior Japanese
Patent Application No. 2007-70033, filed on Mar. 19, 2007;

the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to method of manufacturing a
semiconductor device, apparatus of manufacturing a semi-
conductor device and semiconductor device, and 1n particular
to method of manufacturing a semiconductor device and
apparatus of manufacturing semiconductor device which are
suitable to form a fine pattern accurately, and semiconductor
device made by the method or apparatus.

2. Background Art

When a fine pattern of a semiconductor device 1s formed by
dry etching, a reactive 1on etching (RIE) method which 1s
excellent 1n dimensional controllability 1s frequently used. In
the reactive ion etching (RIE) method, an etching gas 1s
decomposed and activated by plasma to generate 1ons and
neutral active species, and a fine pattern 1s formed on the
surface of a semiconductor water (hereafter “water”) by the
action of them. Volatile reaction products generated when
forming the pattern are exhausted out of a chamber by an
exhauster.

However, 1n some cases, part of the reaction products are
deposited on an inner wall, electrodes, a dielectric window,
etc. 1n the chamber without being exhausted. The deposited
reaction products have a large influence on etching charac-
teristics such as an etching rate, which becomes a cause of
reducing the accuracy of line width dimensions of the pattern
and the uniformity in the wafter surface of the line width
dimensions. Such reduction leads to reduction 1n reliability of
the semiconductor device as a product.

For this reason, cleaning technologies for removing depos-
ited reaction products (see Japanese Unexamined Patent Pub-
lication No. 5-129246, for example), and technologies for
changing deposited reaction products to a strong film to
reduce the influence (see Japanese Patent No. 3712898, for
example), etc. are proposed.

SUMMARY OF THE INVENTION

According to an aspect of the invention, there 1s provided a
method of manufacturing a semiconductor device in which
f1lms provided on a waler are sequentially and dry-etched 1n
a chamber, including the steps of: etchung a first film provided
on the wafer; removing at least part of reaction products
deposited on a component 1n the chamber facing the water by
the etching to cause the distribution state of the deposited
reaction products to get closer to a uniform state; and then
etching a second film.

According to other aspect of the ivention, there 1s pro-
vided a method of manufacturing a semiconductor device in
which films provided on a water are sequentially and dry-
etched 1n a chamber, including the step of: etchung a first film
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2

provided on the watler placed 1n the chamber; removing at
least part of reaction products deposited in the chamber by the
ctching; and etching a second film provided under the first
film on the water, information regarding an amount of the
reaction products deposited 1n the chamber being obtained in
at least any of etching the first film, removing the reaction
products and etching the second film and a feedback being
conducted to at least any of etching the first film, removing the
reaction products and etching the second film 1n regard to a
next water.

According to other aspect of the invention, there is pro-
vided a method of manufacturing a semiconductor device in
which films provided on a water are sequentially and dry-
ctched 1n a chamber, including the step of: etching a first film
provided on the waler placed 1n the chamber; removing at
least part of reaction products deposited in the chamber by the
ctching; etching a second film provided under the first film on
the wafer; and etching a third film provided under the second
film on the water, mnformation regarding an amount of the
reaction products deposited 1n the chamber being obtained in
at least any of etching the first film, removing the reaction
products and etching the second film and a feed forward being
conducted to etching the third film.

According to other aspect of the invention, there is pro-
vided a method of manufacturing a semiconductor device in
which films provided on a waler are sequentially and dry-
ctched 1n a chamber, including the steps of: etching a first film
provided on the wafer to form a pattern; and adjusting the size
of the pattern using radicals generated from reaction prod-
ucts, when a mask left on the pattern 1s removed, the reaction
products having been deposited on a component 1n the cham-
ber facing the water by the etching.

According to other aspect of the ivention, there i1s pro-
vided a method of manufacturing a semiconductor device in
which films provided on a water are sequentially and dry-
ctched 1n a chamber, including the steps of: etching a first film
provided on the wafer 1n the chamber; and removing at least
part of reaction products deposited on a component in the
chamber facing the water having been placed in the chamber
to cause the distribution state of the deposited reaction prod-
ucts to get closer to a uniform state after the watfer has been
carried out of the chamber.

According to other aspect of the imvention, there 1s pro-
vided an apparatus of manufacturing a semiconductor device
including: a chamber configured to contain a wafer; an
exhausting system configured to exhaust air from the cham-
ber; a gas supply system configured to supply the chamber
with a gas; a high frequency power supply configured to form
a plasma of the gas 1n the chamber; a water carrying section
configured to carry the water into the chamber; a measuring
section configured to acquire information about a reaction
product accumulated 1n the chamber; and a control section
configured to control operation of the exhausting system, gas
supply system, high frequency power supply and the water
carrying section, the control section being capable to conduct
steps of: bringing the water carrying section into carrying the
waler mto the chamber, bringing the exhausting system, the
gas supply system and the high frequency power supply into
ctching a first film provided on a first wafler placed 1n a
chamber; bringing the exhausting system, the gas supply
system and the high frequency power supply 1into removing at
least part ol reaction products deposited 1n the chamber by the
ctching; and bringing the exhausting system, the gas supply
system and the high frequency power supply into etching a
second film provided under the first film on the first wafer,
information regarding an amount of the reaction products
deposited 1n the chamber being obtained by the measuring
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section 1n at least one of etchung the first film, removing the
reaction products and etching the second film, and a feedback
being conducted to at least one of etching the first film,
removing the reaction products and etching the second film 1n
regard to a next water.

According to other aspect of the mvention, there 1s pro-
vided an apparatus of manufacturing a semiconductor device
including: a chamber configured to contain a walfer; an
exhausting system configured to exhaust air from the cham-
ber; a gas supply system configured to supply the chamber
with a gas; a high frequency power supply configured to form
a plasma of the gas 1n the chamber; a water carrying section
configured to carry the water into the chamber; a measuring
section configured to acquire information about a reaction
product accumulated 1n the chamber; and a control section
configured to control operation of the exhausting system, gas
supply system, high frequency power supply and the water
carrying section, the control section being capable to conduct
steps of: bringing the water carrying section into carrying the
waler into the chamber, bringing the exhausting system, the
gas supply system and the high frequency power supply into
ctching a first film provided on the water placed in the cham-
ber; bringing the exhausting system, the gas supply system
and the high frequency power supply into removing at least
part of reaction products deposited in the chamber by the
etching; bringing the exhausting system, the gas supply sys-
tem and the high frequency power supply into etching a
second film provided under the first film on the wafer; and
bringing the exhausting system, the gas supply system and the
high frequency power supply into etching a third film pro-
vided under the second film on the water, information regard-
ing an amount of the reaction products deposited in the cham-
ber being obtained by the measuring section 1n at least any of
ctching the first film, removing the reaction products and
etching the second film, and a feedforward being conducted
to etching the third film.

According to other aspect of the ivention, there 1s pro-
vided a semiconductor device manufactured using a method
including: etching a first film provided on a water 1n a cham-
ber; removing at least part of reaction products deposited on
a component in the chamber facing the water by the etching to
cause a distribution state of the deposited reaction products to
get closer to a uniform state; and then etching a second film
provided on the wafer 1n the chamber.

According to other aspect of the invention, there 1s pro-
vided a semiconductor device manufactured using a method
including: etching a first film provided on a waier 1n a cham-
ber; removing at least part of reaction products deposited in
the chamber by the etching; and etching a second film pro-
vided under the first film on the wafer, information regarding,
an amount of the reaction products deposited 1n the chamber
being obtained 1n at least one of etchung the first film, remov-
ing the reaction products and etching the second film, and a
teedback bemg conducted to at least one of etching the first
film, removing the reaction products and etching the second
film 1n regard to a next water, based on the information.

According to other aspect of the invention, there 1s pro-
vided a semiconductor device manufactured using a method
including: etching a first film provided on a water placed 1n a
chamber; removing at least part of reaction products depos-
ited 1n the chamber by the etching; etching a second film
provided under the first {ilm on the water; and etching a third
f1lm provided under the second film on the water, information
regarding an amount of the reaction products deposited in the
chamber being obtained 1n at least one of etchuing the first film,
removing the reaction products and etching the second film,
and a feediforward being conducted to etching the third film.
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According to other aspect of the mvention, there 1s pro-
vided a semiconductor device manufactured using a method
including: etching a first film provided on a wafer to form a
pattern 1n a chamber; and adjusting size of the pattern using
radicals generated from reaction products, when a mask left
on the pattern 1s removed, the reaction products having been
deposited on a component 1n the chamber facing the water by
the etching.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematic process cross-sectional views
illustrating a method of manufacturing a semiconductor
device according to an embodiment of the invention.

FIG. 2 1s a graph illustrating the influence of reaction
products deposited in the shape of a mountain on an upper
electrode.

FIG. 3 1s a graph showing a distribution in the surface of a
waler of line width dimensions of a nitride film 1n the case that
the nmitride film 1s also dry-etched using an oxide film as a
mask.

FIG. 4 15 a schematic cross-sectional view 1llustrating the
influence of reaction products deposited on the upper elec-
trode of a reactive 1on etching (RIE) apparatus.

FIG. 5 1s a schematic view illustrating the influence of
reaction products deposited on the upper electrode of the
reactive 1on etching (RIE) apparatus.

FIG. 6 1s a graph 1illustrating etching rates for a resist film
under the condition of removing (ashing) a lower resist layer.

FIG. 7 1s a graph 1llustrating etching rates for a S10, {ilm
under the condition of removing (ashing) the lower resist
layer.

FIG. 81s a graph illustrating differences between line width
dimensions before and after the work of removing (ashing)
the lower resist layer.

FIG. 9 1s a schematic view illustrating the influence of
reaction products which have been leit (deposited) after
removal of the lower resist layer.

FIG. 10 1s a graph showing a distribution of line width
dimensions 1n the surface of a waler to be dry-etched next
when the reaction products have been left (deposited).

FIG. 11 1s a schematic cross-sectional view illustrating
climination of the influence of reaction products deposited on
an upper electrode after dry-etching of an oxide film.

FIG. 12 1s a graph 1illustrating an effect of adjusting the
deposition state of reaction products.

FIG. 13 1s a graph showing a distribution 1n the surface of
a waler of line width dimensions of a nitride film when
dry-etching also the nitride film using the oxide film as a
mask.

FIG. 14 1s a graph illustrating an effect of suppressing
generation of fluorine F radicals by adjusting a deposition
state.

FIG. 15 1s a graph 1illustrating an efiect of preventing the
oxide film from being side-etched by adjusting the deposition
state.

FIG. 16 1s a graph 1llustrating an etching characteristic of a
lower resist layer when adjusting the deposition state.

FIG. 17 1s a graph illustrating etching rates for a resist {ilm
layer under the condition of ashing the lower resist layer.

FIG. 18 1s a graph illustrating etching rates for a S10, film
under the condition of ashing the lower resist layer.

FIG. 19 1s a graph 1illustrating differences between line
width dimensions before and after the work of removing
(ashing) the lower resist layer.
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FI1G. 20 1s a graph 1llustrating the relation between a depo-
sition state adjusting time and an amount of left (deposited)
reaction products.

FIG. 21 1s a graph 1llustrating the influence of adjustment
of a deposition state on the uniformity in the surface of a water
ol line width dimensions.

FI1G. 22 1s a graph 1llustrating the influence of adjustment
ol a deposition state on variations of line width dimensions
between waters.

FI1G. 23 1s a schematic view 1llustrating a process tflow of
dry-etching the water W having the stacked mask 1 1llustrated
in FIG. 1.

FIG. 24 1s a schematic view illustrating a process flow in
conduct of the feedback control.

FIG. 25 1s a schematic view illustrating a process flow in
conduct of feed forward control.

FIG. 26 1s a graph illustrating a time dependence of the
plasma emission intensity of CFx during the process of the
lower resist layer 4.

FI1G. 27 1s a graph 1llustrating a cleaning time dependences
of the maximum/minimum peak intensity ratio of the CF
plasma emission as shown 1n FI1G. 26 and pattern dimensions
after the processing.

FI1G. 28 1s a graph illustrating the amount of correction of
the cleaning time necessary for correcting disagreement from
the center value (most optimum value 1s 1.850) of the maxi-
mum/minimum peak intensity read from FIG. 27.

FIG. 29 1s a graph illustrating a result controlled by the
feedback based on the embodiment.

FI1G. 30 1s a block diagram of the etching apparatus accord-
ing to the embodiment.

FIG. 31 1s a flow chart illustrating the feedback control
conducted 1n the etching apparatus of the embodiment.

FI1G. 32 1s a flow chart illustrating the feed forward control
conducted 1n the etching system of the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, an embodiment of the invention
will be described below.

FI1G. 1 shows schematic cross-sectional views illustrating a
method of manufacturing a semiconductor device according,
to the embodiment of the invention.

Here, as an example, the case of dry-etching a water W
having a laminated mask 1 by a reactive 1on etching (RIE)
apparatus 8 will be described. Dry etching using the lami-
nated mask 1 1s performed continuously 1n the same chamber.
On the left side of FIG. 1, schematic process cross-sectional
views of the wafer W having the laminated mask 1 are shown,
and on the right side of FIG. 1, schematic cross-sectional
views 1llustrating states in a chamber 9 at respective steps of
the process are shown.

As shown 1n the left view of FIG. 1A, the laminated mask
1 includes an upper resist layer 2, an oxide film 3, and a lower
resist layer 4. The upper resist layer 2 and the lower resist
layer 4 include organic materials, and the oxide film 3
includes 1norganic material which i1s, for example, silicon
oxide (S10_ ) material such as spin-on glass (SOG). Under the
laminated mask 1, an oxide film 5 1including S10, or the like
1s provided. This oxide film 5 1s dry-etched to become lines of
a pattern. Under the oxide film 5, a nitride film 6 and a
polysilicon film 7 which include SiN or the like are provided
in the order as illustrated.

As shown 1n the right view of FIG. 1A, the reactive 1on
ctching (RIE) apparatus 8 includes the chamber 9. On the
ceiling of the chamber 9, an upper electrode 10 1s provided. At
the bottom of the chamber 9, a mounting bed 11 for mounting,
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6

and holding the semiconductor wafer (hereafter “wafer”) W
1s provided. The mounting bed 11 1s provided with an elec-
trostatic chuck not shown in the figure. Furthermore, the
mounting bed 11 1s connected with high-frequency power
supplies 17 and 18 which are different in frequency (a high
frequency (HF) for source power control and a low frequency
(LF) for bias power control). As the reactive 1on etching (RIE)
apparatus 8 exemplified 1n FIG. 1, a publicly known parallel
plate typereactive ion etching (RIE) apparatus or the like may
be used, and details thereotf are thus omaitted.

First, as shown 1n the left view of FIG. 1B, gas containing,
CF gas 1s introduced to and decomposed and activated by a
plasma P to dry-etch the oxide film 3. At that time, the upper
resist layer 2 acts as a mask.

When the oxide film 3 1s dry-etched, reaction products 12
containing CF gas components are deposited, as shown in the
right view of FI1G. 1B, in the shape of a mountain on the upper
clectrode 10 of the reactive 10on etching (RIE) apparatus 8.

Next, as shown i1n the left view of F1G. 1C, before the lower
resist layer 4 1s dry-etched, the deposition state of reaction
products 12 deposited on the upper electrode 10 1s adjusted
while preventing the lower resist layer 4 from being etched.

The deposition state of the reaction products 12, that 1s, the
amount and distribution state of the deposited reaction prod-
ucts 12, 1s adjusted by removing part of the reaction products
12 using oxygen 1ons and oxygen radicals, or hydrogen 1ons
and hydrogen radicals. Finish of this adjustment can be
known by an emission monitor and/or time management.
Details of adjustment of a deposition state will be described
later.

As shown in the right view of FIG. 1C, reaction products 13
left after adjustment of the amount and distribution state of
the reaction products 12 are substantially leveled and distrib-
uted evenly. In this connection, although all of the reaction
products 12 can also be removed, plasma treatment which 1s
enough to remove all of the reaction products 12 1s not desir-
able because 1t may cause the pattern of the lower resist layer
4 to disappear.

Next, as shown 1n the left view of FIG. 1(d), gas containing
any one of an oxygen gas (O,), a nitrogen gas (N, ), a carbon
monoxide gas (CO), an ammonia gas (NH, ), and a hydrogen
gas (H,)1s introduced to and decomposed and activated by the
plasma P to dry-etch the lower resist layer 4. At that time, the
oxide film 3 dry-etched in FIG. 1B acts as a mask (oxide
mask).

Since the deposition state of reaction products 13 deposited
on the upper electrode has been adjusted prior to this dry-
etching, dry-etching which 1s excellent 1n the accuracy of line
width dimensions and the umiformity 1n the wafer surface of
them can be performed. The upper resist layer 2 1s completely
removed. Details of being capable of dry-etching which 1s
excellent 1n the accuracy of line width dimensions and the
uniformity in the water surface of them will be described
later.

Furthermore, as shown 1n the right view of FIG. 1D, the
reaction products 13 are also completely removed by this
dry-etching.

Next, as shown 1n the left view of FIG. 1E, gas containing
a CF gas 1s mtroduced to and decomposed and activated by
the plasma P to dry-etch the oxide film 5. At that time, the
lower resist layer 4 acts as a mask. As described above, the
lower resist layer 4 1s dry-etched with a high dimensional
accuracy, so that the oxide film 5 masked by the lower resist
layer 4 can also be dry-etched with a high dimensional accu-
racy.

Atthattime, as shown 1n the right view of FIG. 1E, reaction
products 14 containing CF gas components are deposited in
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the shape of a mountain on the upper electrode 10 of the
reactive 1on etching (RIE) apparatus 8.

Next, as shown in the left view of FI1G. 1F, gases containing
O, 1s mtroduced to and decomposed and activated by the
plasma P to remove (ash) the lower resist layer 4 which 1s a
mask.

At that time, as shown 1n the right view of FIG. 1F, while
removing the reaction products 14 deposited on the upper
electrode 10 are also removed, the line width dimensions of
the oxide film 5 and the uniformity in the wafer surface of
them are adjusted using fluorine (F) radicals generated along,
with removal of the reaction products 14. Details of adjusting,
the line width dimensions of the oxide film 5 and the unifor-
mity in the wafer surface of them using F radicals generated
will be described later.

Finally, as shown 1n FIG. 1G, the wafer W 1s carried out of
the chamber 9, and then gas containing O, 1s itroduced to
and decomposed and activated by the plasma P to adjust the
deposition state of reaction products 15 which have been left
(deposited) on the upper electrode 10.

If the deposition state of the reaction products 15 1s
adjusted, the accuracy of line width dimensions of the oxide
film 5 of the water W to be etched next and the uniformity 1n
the water surface of the line width dimensions can be
increased.

The mfluence of the reaction products 12 deposited on the
upper electrode 10 will be described below.

FIG. 2 1s a graph 1llustrating the influence of the reaction
products 12 deposited 1n the shape of a mountain on the upper
clectrode 10. The horizontal axis indicates the position 1n the
waler surface, and the vertical axis indicates the line width
dimension of the oxide film 5.

FI1G. 3 1s a graph showing a distribution in a wafer surface
of line width dimensions of the nitride film 6 when dry-
ctching also the nitride film 6 using the oxide film 5 as a mask.
Dry-etching of the oxide film 5 1 FIG. 2 1s performed until
the oxide film 5 without adjusting the deposition state of the
reaction products 12 i1llustrated 1n FIG. 1C. Dry-etching of the
nitride film 6 1n FIG. 3 1s performed using the oxide film 5 in
FIG. 2 as a mask as 1t 1s.

As understood from FIGS. 2 and 3, there are differences in
line width dimension between the center portion and the edge
portion of the wafer, which are 16.9 nm 1n the case of FIG. 2
and 19.9 nm 1n the case of FIG. 3. In semiconductor devices
for which the degree of integration has been increasing in
recent years, such large differences 1n line width dimension
are not allowed and become a serious problem.

The inventor has found out causes of such large differences
in line width dimension as the result of study.

The first cause 1s the influence of the reaction products 12
deposited on the upper electrode 10 of the reactive 1on etching
(RIE) apparatus 8 by dry-etching of the oxide film 3 1llus-
trated 1n FIG. 1(b). It has bee found out that the reaction
products 12 deposited on the upper electrode 10 are decom-
posed and dissociated during dry-etching of the lower resist
layer 4 so that F radicals and 1ons are generated and the
generated F radicals side-etch the oxide film 3 which 1s a
mask. As a result of this, the dimension of the lower resist
layer 4 has also become small. It has also been found out that
although reaction products are deposited also on the 1ner
wall of the chamber 9, the influence of the reaction products
12 deposited on the upper electrode 10 positioned directly
above the water W 1s the most serious.

FIG. 4 1s a schematic cross-sectional view illustrating the
influence of the reaction products 12 deposited on the upper
clectrode 10 of the reactive 1on etching (RIE) apparatus 8

illustrated in FIG. 1B.
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FIG. 4A 1s a schematic cross-sectional view showing the
state 1n the chamber 9 after dry-etching of the oxide film 3.

As described above, 11 the oxide film 3 15 dry-etched using
the gas containing a CF gas, the reaction products 12 contain-
ing fluorine (F) atoms which are components of the CF gas are
deposited on the upper electrode 10. At that time, the amount
of the deposited reaction products 12 1s largest directly above
the center portion of the water W, and the reaction products 12
are deposited 1n the shape of a mountain as shown 1n the
figure. This probably occurs because the reaction products 12
are ones dissociated from the CF gas and stuck to the upper
clectrode, and the plasma density due to the CF gas becomes
largest directly above the center portion of the water W.

FIG. 4B 1s a schematic view illustrating that the oxide film
3 as a mask 1s side-etched during dry-etching of the lower
resistlayer 4. As described above, for dry-etching of the lower
resist layer 4, gas containing any one of an oxygen gas (O,),
a nitrogen gas (N, ), a carbon monoxide gas (CO), an ammo-
nia gas (NH,), and a hydrogen gas (H,) 1s used.

Essentially, by any one of these gases, the lower resist layer
4 including an organic material can be dry-etched, but the
oxide film 3 including an oxide 1s not side-etched. However,
the reaction products 12 containing fluorine (F) atoms depos-
ited on the upper electrode 10 are decomposed and dissoci-
ated during dry-etching of the lower resist layer 4, so that
fluorine (F) radicals and 10ons are generated, and the generated
fluorine (F) radicals side-etch the oxide film 3 to reduce line
width dimensions of the oxide film 3. Since line width dimen-
sions of the oxide film 3 are reduced, line width dimensions of
the lower resist layer 4 under being dry-etched are reduced.

The reduction 1n line width dimensions of the lower resist
layer 4 has a large influence on the accuracy of line width
dimensions of the oxide film 3 to be dry-etched next and the
umiformity 1n the wafer surtace of the line width dimensions.

Table 1 shows measurement values of components of the
reaction products 12 deposited on the upper electrode 10. The
measurement was performed by sticking silicon (S1) chips on
the center portion and the edge portion (1n a position about 10
mm distant from the edge) of the upper electrode 10 and
analyzing the composition of reaction products 12 stuck on
the silicon (S1) chips by an X-ray photoelectron spectroscopy
(XPS) before the dry-etching of the oxide film 3 1s completed.

TABLE 1
Center Edge Center Edge
b 50.2 45.7 F/S1 50.2 45.7
C 47.3 50.0 C/S1 47.3 50.0
O 2.6 4.3 O/S1 2.6 4.3
S1 0.0 0.0
EF/C 1.06 0.91 EF/C 1.06 0.91

As shown 1n Table 1, 1t 1s understood that the reaction
products 12 deposited on the upper electrode 10 include car-
bon (C) atoms, fluorine (F) atoms, and oxygen (O) atoms
only, containing fluorine (F) atoms which become a main
cause of the atorementioned side-etching. It 1s also under-
stood that the ratio of fluorine (F) atoms to carbon (C) atoms
on the center portion 1s larger than that on the edge portion.
Since tluorine (F) atoms have the effect of accelerating side-
etching and carbon (C) atoms have the effect of suppressing
side-etching, the larger the ratio of fluorine (F) atoms to
carbon (C) atoms, the higher the effect of accelerating side-
etching becomes.

In addition, when the thickness of the CF reaction products
was measured, 1t was 66 nm on the center portion and 62 nm
on the edge portion, from which 1t became clear that the
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reaction products were deposited in the shape of a mountain
as described above. This means that the total amount of fluo-
rine (F) atoms becoming a main cause of side-etching on the
center portion of the upper electrode 10 1s larger than that on
the edge portion so that the amount of side-etching of the
center portion of the walter W directly under the upper elec-
trode 10 also becomes larger than that of the edge portion.

This results 1n that line widths of the center portion of the
waler W are smaller than those of the edge portion of 1t in
FIGS. 2 and 3.

The second cause 1s the influence of the reaction products
14 deposited on the upper electrode 10 of the reactive 1on
ctching (RIE) apparatus 8 after dry-etching of the oxide film
5 1llustrated 1n FIG. 1E.

FIG. § 1s a schematic view 1llustrating the influence of the
reaction products 14 deposited on the upper electrode 10 of
the reactive 10n etching (RIE) apparatus 8.

As shown 1n FIG. 5(a), also after dry-etching of the oxide
f1lm 5, the reaction products 14 containing fluorine (F) atoms
are deposited on the upper electrode 10. Also 1n this case, the
reaction products 14 are deposited in such a manner that
fluorine (F) atoms on the center portion of the upper electrode
10 are more than those on the edge portion.

For this reason, 1f the lower resist layer 4 1s removed
(ashed) by a normal method which does not use a radio
frequency (RF) bias, the oxide film 3 1s side-etched, as shown
in FI1G. 5B, by fluorine (F) radicals generated by decomposi-
tion and dissociation of the reaction products 14, which
causes deviations of the line width dimensions. In addition,
the amount of the side-etching can not be controlled. Also in
this case, the amount of fluorine (F) radicals generated on the
center portion 1s larger than that on the edge portion, so that
the amount of side-etching of the center portion of the water
W 1s larger than that of the edge portion of it.

Furthermore, as illustrated in FIG. 1F, when the lower
resistlayer 4 1s removed (ashed), the reaction products depos-
ited 1n the chamber 9 are also removed and exhausted. At that
time, the reaction products 14 on the edge portion of the upper
clectrode 10 are removed more easily than those on the center
portion, so that the reaction products 14 on the edge portion
are reduced earlier than those on the center portion, and the
amount of fluorine (F) radicals generated at the edge portion
of the water thus becomes increasingly smaller. As a result,
the difference 1n the amount of side-etching of the oxide film
5 between the center portion and edge portion of the wafer
becomes increasingly larger.

Next, 1t will be explained that the reaction products 14 on
the edge portion of the upper electrode 10 are removed more
casily than those on the center portion.

FIG. 6 1s a graph illustrating etching rates for a resist film
under the condition of removing (ashing) the lower resist
layer 4.

FI1G. 7 1s a graph illustrating etching rates for a S10, film
under the condition of removing (ashing) the lower resist
layer 4.

The condition of removing (ashing) the lower resist layer 4
in FIGS. 6 and 7 1s set to the process pressure of about 8 Pa,
the source power o1 2400 W (100 MHz), the RF bias power of
0 W (no RF bias 1s applied), the oxygen gas of 1140 sccm, and
the CH, 01 60 sccm. The resist film 1s attached to the water W
so as to cover the whole of the surface of it (so-called a resist
blanket film), and the S10, film 1s also attached to the water W
so as to cover the whole of the surface of 1t (so-called a S10,
blanket film). Furthermore, the reaction products 12 are
deposited on the upper electrode 10.

As shown 1n FIG. 6, it 1s understood that etching rates for
the resist film of the edge portion of the water W are higher
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than those of the center portion, with easiness of removal
accordingly. Since the reaction products 14 deposited on the
upper electrode 10 also include organic components like
those of the resist film, the reaction products 14 on the edge
portion of the upper electrode 10 are also removed more
casily than those on center portion.

FIG. 7 shows etching rates when dry-etching a S10,, film
instead of the resist film in FIG. 6. As shown 1n FIG. 7, 1t 1s
understood that etching rates for the S10, film of the edge
portion of the water W are lower than those of the center
portion, with hardness of dry-etching accordingly. The reason
1s probably that the reaction products 14 deposited on the
edge portion of the upper electrode 10 are easy to be removed
and the amount of the reaction products i1s small, so that the
amount of fluorine (F) radicals generated 1s also small.

FIG. 81s a graph illustrating differences between line width
dimensions before and aiter the work of removing (ashing)
the lower resist layer 4. In FI1G. 8, the numerical values of the
horizontal axis are sample numbers. For example, “1” of the
center portion represents the same sample as “1” of the edge
portion. As described above, amounts of fluorine (F) radicals
generated from the reaction products 14 during removal of the
lower resist layer 4 have a distribution. For this reason, the
edge portion 1s difficult to be side-etched more than the center
portion, so that line widths of the edge portion are about 3 nm
larger than those of the center portion as show in FIG. 8.

The third cause 1s the influence of reaction products which
have been left (deposited) after removal of the lower resist
layer 4 1llustrated in FIG. 1F.

FIG. 9 1s a schematic view illustrating the influence of
reaction products 15 which have been left (deposited) after
removal of the lower layer 4.

As shown 1n FIG. 9(a), even ii, after the oxide film 5 has
been dry-etched, the lower resist layer 4 1s ashed under the
condition that the process pressure 1s 40 Pa and an RF bias 1s
applied 1n the same chamber, and at the same time the reaction
products 14 deposited 1n the chamber are intended to be
removed, some reaction products 15 are left (deposited).

Table 2 shows measurement values of components of the
reaction products 15 left (deposited) on the upper electrode
10. The measurement was performed by sticking silicon (S1)
chips on the center portion and the edge portion (in a position
about 10 mm distant from the edge) of the upper electrode 10
and analyzing the composition of the reaction products 15
stuck on the silicon (S1) chips by an X-ray photoelectron
spectroscopy (XPS) after the lower resist layer 4 has been
removed.

TABLE 2
Center Edge Center Edge
b 12.7 6.9 F/S1 19.6 11.5
C 10.6 6.7 C/S1 16.4 11.1
O 41.4 46.3 O/S1 64.0 77.4
S1 354 40.1
E/C 1.19 1.03 E/C 1.19 1.03

As shown 1n Table 2, 1t 1s understood that more CF reaction
products 15 are left (deposited) on the center portion of the
upper electrode 10. For this reason, as shown in FIG. 9B, after
dry-etching of the oxide film 3 of a water to be dry-etched
next, the reaction products 16 are further accumulated on the
upper electrode 10.

Then, as shown i FIG. 9C, the amount of fluorine (F)
radicals generated during dry-etching of the lower resistlayer
4 also becomes large and the amount of side-etching of the
oxide film 3 also becomes large.
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As a result, a difference 1n line width dimension and a
distribution 1n the water surface of line width dimensions
which are larger than those of a water W dry-etched last time
are caused.

FIG. 10 1s a graph showing a distribution of line width
dimensions in the surface of a water to be dry-etched next
when the reaction products 15 have been left (deposited). It 1s
understood that as shown 1n FIG. 10, also when line width
dimensions smaller than those 1n FIG. 2 are made, line width
dimensions of the center portion of the water W where a
larger amount of fluorine (F) radicals 1s generated are 3 nm or
more smaller than those of the edge portion.

As described above, the accuracy of line width dimensions
and the uniformity in the water surface of them are signifi-
cantly intluenced by a deposition state such as the amount and
distribution state of reaction products deposited on the upper
clectrode 10. In particular, when waters having a laminated
mask 1 are continuously dry-etched 1n the same chamber, the
process becomes complicate, so that there are many opportu-
nities ol deposition of reaction products, and therefore the
deposition state of reaction products deposited on the upper
clectrode 10 becomes very important.

In the process shown 1n FIG. 1, gas containing a CF gas 1s
used for dry-etching of the oxide film 3, so that reaction
products containing fluorine (F) atoms are deposited. For this
reason, fluorine (F) radicals are generated by decomposition
and dissociation of the reaction products and side-etch the
oxide film 3. However, 1n some processes, gas compositions
are different and reaction products containing more carbon
atoms can be deposited. In that case, removal of the oxide film
comes to be suppressed by decomposition and dissociation of
the reaction products. In other words, considering that side-
ctching 1s suppressed by some compositions of the reaction
products, it 1s necessary to increase the accuracy of the line

width dimensions and the uniformity of the wafer surface of
them.

The mside of the chamber 9 1s probably cleaned atter each
dry-etching 1n order to completely eliminate the influence of
reaction products deposited on the upper products 10. How-
ever, 1n general, the inside of the chamber 9 can be cleaned
only when there 1s no water W, and a cleaning process 1s thus
required separately, so that the manufacturing efficiency 1s
reduced significantly. Furthermore, 11 the number of times of
cleanings 1s limited 1n order to suppress the reduction of the
manufacturing eificiency, amounts of reaction products
deposited on the upper electrode 10 are different between just
betore and just after cleaning, which causes a problem that
qualities vary 1n a manufacturing lot.

The influence of reaction products 12 deposited on the
upper electrode 10 after dry-etching of the oxide film 3, which
1s described as the first cause, 1s eliminated as described
below.

The inventor has found out, as the result of study, that 1f a
deposition state such as the amount and distribution state of
reaction products deposited on the upper electrode 10 1s
adjusted, the accuracy of line width dimensions and the uni-
formity 1n the water surface of them can be increased, and
dry-etching can be performed continuously 1n the same
chamber.

FIG. 11 1s a schematic cross-sectional view 1llustrating
climination of the influence of reaction products 12 deposited
on the upper electrode 10 after dry-etching of the oxide film 3.

As shown 1n FIG. 11A, after dry-etching of the oxide film
3, the reaction products 12 containing CF gas components are
deposited 1n the shape of a mountain on the upper electrode

10. This 1s schematically 1llustrated 1n FI1G. 1B.
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Next, as shown 1n FIG. 11B, before dry-etching of the
lower resist layer 4, the deposition state of the reaction prod-
ucts 12 deposited on the upper electrode 10 1s adjusted while
preventing the lower resist layer 4 from being etched. This 1s
schematically 1llustrated 1n FIG. 1(c). Reaction products 13
left after adjustment of the amount and distribution state of
the reaction products 12 are substantially leveled and distrib-
uted evenly.

Table 3 shows measurement values of components of reac-
tion products 12 after the deposition state of reaction products
12 deposited on the upper electrode 10 has been adjusted
while preventing the lower resist layer 4 from being etched
betfore dry-etching of the lower resist layer 4. Processing time
for this adjustment 1s 15 seconds. The measurement was
performed by sticking silicon (S1) chips on the center portion
and the edge portion (1n a position about 10 mm distant from
the edge) of the upper electrode 10 and analyzing the com-
position of reaction products 12 leit on the silicon (S1) chips
by an X-ray photoelectron spectroscopy (XPS) after the
deposition state of reaction products 12 deposited on the
upper electrode 10 had been adjusted for 15 seconds while
preventing the lower resist layer 4 from being etched after
dry-etching of the oxide film 3.

TABLE 3
Center Edge Center Edge
b 4.1 5.5 F/S1 6.6 8.3
C 15.8 21.0 C/S1 25.5 31.6
O 41.9 40.0 O/S1 67.9 60.1
S1 3R8.3 33.5
E/C 0.26 0.26 E/C 0.26 0.26

As shown 1n Table 3, 1t 1s understood that the reaction
products 12 lett on the upper electrode 10 include carbon (C)
atoms, fluorine (F) atoms, and oxygen (O) atoms only, and the
F/C ratios of fluorine (F) atoms which becomes a main cause
of the aforementioned side-etching to carbon (C) atoms are
reduced by 70 to 80% as compared with the values in Table 1
just after etching of the oxide film 3. Furthermore, it 1s also
understood that there 1s no difference 1n value between the
edge portion and the center portion.

Concrete examples of adjustment of the deposition state
are described below. First, the deposition state of reaction
products 12 deposited on the upper electrode 10 can be
adjusted while preventing the lower resist layer 4 from being
etched by allowing CF reaction products 12 to react with
oxygen 1ons and radicals, or hydrogen 1ons and radicals to
remove the fluorocarbon components.

Secondly, the deposition state of reaction products 12
deposited on the upper electrode 10 can be adjusted while
preventing the lower resist layer 4 from being etched by
introducing an oxygen gas and allowing the oxygen gas to
react with carbon atoms 1n the reaction products 12 or to react
with carbon atoms and fluorine (F) atoms in the reaction
products 12, 1n order to remove the fluorocarbon components.
When only an oxygen gas 1s mtroduced, the plasma may
become unstable and the distribution 1n the water surface of
line width dimensions of the lower resist layer 4 may dete-
riorates. However, 1f a condition of stabilizing the plasma (for
example, a low pressure condition, a high source power con-
dition, or the like) 1s selected, good processing can be done by
reducing the processing time, etc. also 1n the case that only an
oxygen gas 1s mtroduced.

Thirdly, it 1s more desirable to further prevent the lower
resist layer 4 from being etched by adding a CH gas or a CO
gas to the aforementioned oxygen gas.
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Fourthly, i1t 1s more desirable to increase the thickness of
the plasma sheath to further prevent the lower resist layer 4
from being etched by reducing the plasma source power to
500 W or less to lower the electron density (Ne), or by increas-
ing the pressure to 13 Pa or more to raise the self-bias voltage
(Vdc).

In addition, examples of concrete conditions are described
below. In the third case described above, the source power
may be set to 400 to 1000 W, the pressure may be set to 66 to
107 Pa, the processing time may set to about 10 to 20 seconds,
and a CH, gas ol about 1 to 8.5 wt % (20 to 150 sccm) may be
added to an oxygen gas (1650 to 1780 sccm).

After the adjustment of the deposition state of the reaction
products 12 illustrated 1n FIG. 11(d), the lower resist layer 4
1s dry-etched.

FIG. 11C 1s a schematic view illustrating that the oxide film
3 as a mask 1s not side-etched during dry-etching of the lower
resist layer 4.

As described above, for dry-etching of the lower resist
layer 4, gas containing any one of an oxygen gas (0O2), a
nitrogen gas (IN2), a carbon monoxide gas (CO), an ammomnia
gas (NH3), and a hydrogen gas (H2) 1s used. For this reason,
by any one of these gases, the lower resist layer 4 including an
organic material can be dry-etched, but the oxide film 3
including an oxide 1s not side-etched. Furthermore, since the
deposition state of reaction products 12 containing fluorine
(F) atoms deposited on the upper electrode 10 has been
adjusted, fluorine (F) radicals and 1ons generated are very
tew. For this reason, the oxide film 3 is not side-etched by
fluorine (F) radicals, and the lower resist layer 4 can be thus
dry-etched with a high accuracy. As a result, the accuracy of
line width dimensions of the oxide film 5 to be dry-etched
next can also be increased.

Next, an effect of adjusting the deposition state of the
reaction products 12 will be described.

FIG. 12 1s a graph 1illustrating an effect of adjusting the
deposition state of the reaction products 12. The horizontal
axis 1indicates the position 1n the water surface, and the ver-
tical axis indicates the line width dimension of the oxide film
5.

FIG. 13 1s a graph showing a distribution in the water
surface of line width dimensions of the nitride film 6 1n the
case that the nitride film 6 1s also dry-etched using the oxide
film S as a mask. The dry-etching of the oxide film 5 1n FIG.
12 was performed subsequently to the aforementioned dry-
ctching of the lower resist layer 4. Furthermore, the dry-
ctching of the nitride film 6 1n FIG. 13 was performed using
the oxide film 5 1n FIG. 12 as a mask as 1t 1s.

As understood from FIG. 12, the difference 1n line width
dimension between the center portion and the edge portion of
the water W was 12.6 nm. Furthermore, as understood from
FI1G. 13, the difference 1n line width dimension between the
center portion and the edge portion was 6.7 nm.

When these values (12.6 nm and 6.7 nm) are compared
with those 1n FIG. 2 (16.9 nm) and FIG. 3 (16.9 nm), respec-
tively, for which the deposition state of the reaction products
12 has not been adjusted, 1t 1s understood that profiles 1n the
waler surface are each changed from a concave to a convex to
significantly improve the tendency for the center parts of
them to be narrow.

FI1G. 14 1s a graph illustrating an effect of suppressing the
generation of fluorine (F) radicals by adjusting a deposition
state. The horizontal axis indicates the time for dry-etching
the lower resist layer 4, and the vertical axis indicates the
intensity of a CF emission peak (wavelength: 262 nm).

As understood from FIG. 14, the intensity of the CF emis-
sion peak in the case that the deposition state has been
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adjusted 1s lower than that 1n the case that the deposition state
has not been adjusted. This means that the generation of light
radicals 1s suppressed. Furthermore, 1t 1s also understood that
the smaller the amount of the atorementioned CH,, gas added
to the oxygen gas when the deposition state 1s adjusted, the
more the intensity of the CF emission peak (wavelength: 262
nm) 1s reduced (the more the generation of fluorine (F) radi-
cals 1s suppressed).

FIG. 15 1s a graph illustrating an efiect of preventing the
oxide film 3 from being side-etched by adjusting the deposi-
tion state. The horizontal axis indicates the position in the
waler surface, and the vertical axis indicates the etching rate
for the oxide film 3. Conditions of dry-etching were set to be
identical to those 1n the case that the lower resist layer 4 was
dry-etched, and the distribution 1n the water surface of etch-

ing rates for the oxide film 3 as a mask at that time was
evaluated.

As understood from FIG. 15, etching rates 1n the case that
the deposition state has been adjusted are reduced to about
half of those 1n the case that the deposition state has not been
adjusted. Furthermore, 1t 1s understood that the smaller the
amount of the atorementioned CH, gas added to the oxygen
gas when the deposition state 1s adjusted, the more the etching
rate for the oxide film 3 can be reduced. This means that the
oxide film 3 1s more ditficult to be side-etched 1n the case that
the deposition state has been adjusted.

FIG. 16 1s a graph illustrating the etching characteristic of
the lower resist layer 4 when the deposition state has been
adjusted. The horizontal axis indicates the position in the
waler surface, and the vertical axis indicates the etching rate
for the lower resist layer 4.

As understood from FIG. 16, when the deposition state has
been adjusted without addition of a CH,, (with an oxygen gas
only), the etching rate for the lower resist layer 4 suddenly
increases at the water edge portion, and the distribution in the
waler surface of etchung rates becomes bilaterally unsym-
metrical. For this reason, the umiformity in the watfer surface
of the line width dimensions can be deteriorated, so that it 1s
inadequate to adjust the deposition state with an oxygen gas
only.

The 1inventor has found out, as the result of study, that it 1s
desirable that the amount of a CH, gas added be 1 wt % or
more and less than 8.3 wt %, because 11 the amount of a CH,,
gas added 1s less than 1 wt %, a problem arises 1n the afore-
mentioned etching characteristic of the lower resist layer 4,
and 11 the amount of a CH,, gas added 1s 8.3% or more, 1t takes
much time to adjust the deposition state of the reaction prod-
ucts 12, and the manufacturing etficiency 1s thus reduced.

Next, it will be described to conversely use the reaction
products 14, which 1s described as the second cause, depos-

ited on the upper electrode 10 after dry-etching of the oxide
film S.

The inventor has found out, as the result of study, that 1f,
while removing the reaction products 14 deposited on the
upper electrode, fluorine (F) radicals generated along with
removal of the reaction products 14 are used, the accuracy of
line width dimensions of the oxide film 5 and the uniformity
in the water surface of them can be adjusted.

Even 1f the aforementioned adjustment of the amount of the
deposited reaction products 14 has been performed, there
may be a little variation 1n uniformity in the water surface of
the line width dimensions. For example, as understood from
FI1G. 12, the difference 1n line width dimension between the
center portion and the edge portion of the wafer W 1s about
12.6 nm. It can be said that such a difference 1n line width
dimension 1s allowed, but there 1s a case that further improve-
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ment 1s desired 1 semiconductor devices for which the
degree of integration has been increasing 1n recent years.

In this case, although a side-etching process for improving
the uniformaity 1n the watfer surface of line width dimensions
may be provided, but doing so increases the number of pro-
cesses and causes new problems 1n terms of the manufactur-
ing elficiency and the cost. For this reason, it 1s beneficial that
when performing ashing which 1s the final step of etching, for
example, 1n the case of FIG. 12, line widths of the center
portion of the wafer are made slightly narrow by side-etching,
along with removal of the mask to improve the uniformity 1n
the water surface of the line width dimensions.

However, 11 ashing 1s performed under the condition that a
normal bias 1s not applied, fluorine (F) radicals generated by
decomposition of the reaction products 14 are removed 1n the
carly stage of the ashing, so that side-etching of the oxide film
5 does not proceed, and the uniformity 1n the water surface of
the line width dimensions can not be thus improved.

The mventor has found out, as the result of study, a way of
improving line width dimensions and the uniformity in the
waler surface of them along with removal of a mask when
performing ashing which is the final stage of dry-etching.

First, 1t 1s desirable that a gas to be used be an oxygen gas,
because, when an oxygen 1s used, the lower resist layer 4 as a
mask can be removed (ashed) and the fluorocarbon compo-
nents of the reaction products 14 can be removed and
exhausted as CO or COF, and 1t becomes possible to perform
side-etching of the oxide film 5 using fluorine (F) radicals
generated at that time.

Furthermore 1t 1s more desirable to add a CH gas to the
oxygen gas, because fluorocarbon components of the reaction
products 14 can be effectively removed by changing (H+F) to
HF.

Next, 1t 1s more desirable to control the amount of side-
ctching of the oxide film 5 by applying the RF bias and
controlling the amount of 1t.

The RF bias 1s not applied 1n normal ashing, but 1s usetul
tor controlling the amount of side-etching of the oxide film 5.

Next, an effect of applying an RF bias will be described.

FIG. 17 1s a graph 1llustrating etching rates for the resist
film under the condition of ashing the lower resist layer 4.

FIG. 18 1s a graph illustrating etching rates for the S10,, film
under the condition of ashing the lower resist layer 4.

The ashing condition 1n FIGS. 17 and 18 1s set to the
process pressure of about 40 Pa, the source power of 500 W
(100 MHz), the RF bias power of 300 W (3.2 MHz), and the
oxygen gas of about 400 sccm. The resist film 1s attached to
the waler W so as to cover the whole of the surface of 1t
(so-called a resist blanket film), and the S10, film 1s also
attached to the water W so as to cover the whole of the surface
of 1t (so-called a S10, blanket film). Furthermore, the reaction
products 14 have been deposited on the upper electrode 10.

As shown 1n FIG. 17, 1t 1s understood that when an RF bias
1s applied, ashing of the resist film 1s performed almost evenly
in the water surface. On the other hand, as shown in FIG. 18,
it 1s understood that when an RF bias 1s applied, the etching
rate for the S10, film 1s extremely high at the edge portion of
the water.

As compared with this, although the condition of the gas,
ctc. are different, when the RF bias 1s not applied as shown 1n
FIG. 7, the etching rate for the S10, film 1s reduced conversely
at the edge portion of the wafer. Furthermore, when the RF
bias 1s not applied as shown 1n FIG. 6, the etching rate for the
resist film 1s 1increased at the edge portion of the water.

This means that 11 ashing with an RF bias applied is per-
tformed, the resist film can be removed most evenly in the
waler surface and selective side-etching at the edge portion of
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the wafer can be performed, and if the amount of RF bias
applied 1s adjusted, the amount of side-etching at the edge
portion of the waler can be adjusted.

FIG. 19 1s a graph 1llustrating differences between 1n line
width dimensions before and after the work of removing
(ashing) the lower resist layer 4. In FIG. 19, the numerical
values of the horizontal axis are sample numbers. For
example, “1” of the center portion indicates the same sample
as “1” of the edge portion.

As shown 1n FIG. 19, 1t 1s understood that if an RF bias 1s
applied, the difference in line width dimension between the
center portion and the edge portion of the waler can be sig-
nificantly improved (from about 3 nm to about 1 nm) as
compared with the case of FIG. 8 where no RF bias 1s applied.

For convenience of description, radicals generated are
fluorine (F) radicals, but this embodiment 1s not limited to
this. As described above, the kind and ratio of radicals gen-
erated change depending on components of reaction products
deposited. For example, when reaction products including
more carbon atoms are deposited, removal of the oxide film 1s
suppressed by decomposition and dissociation of the reaction
products. Also 1n such a case, the embodiment of the mnven-
tion 1s able to adjust the amount of side-etching by adjusting
the amount of RF bias applied.

Next, 1t will be described to remove the influence, which 1s
described as the third cause, of the reaction products 15 left
(deposited) after the work of removing (ashing) the lower
resist layer 4.

The mventor has found out, as the result of study, thatif a
deposition state such as the amount and distribution state of
the reaction products 15 left (deposited) on the upper elec-
trode 10 1s adjusted after the water W has been carried out of
the chamber 9, the accuracy of line width dimensions of a
waler W to be etched next and the uniformaity in the water
surface of the line width dimensions can be increased.

It 1s desirable to use an oxygen gas, a CH gas, a CO gas, or
the like, because, 11 these gases are used, fluorocarbon com-

ponents of reaction products leit (deposited) can be removed
and exhausted as CO or COF.

FIG. 20 1s a graph illustrating the relation between the
deposition state adjusting time and the amount of lett (depos-
ited) reaction products 15. The horizontal axis indicates the
deposition state adjusting time, and the vertical axis indicates
the composition of reaction products 15 left (deposited).

The measurement was performed by sticking silicon (S1)
chips on the center portion and the edge portion (in a position
about 10 mm distant from the edge) of the upper electrode 10
and analyzing the composition of reaction products 15 stuck
on the silicon (S1) chips by an X-ray photoelectron spectros-
copy (XPS) before the deposition state 1s adjusted. Table 4
shows the composition of reaction products 15 after adjust-
ment for 30 seconds.

TABLE 4
Center Edge Center Edge
b 10.6 7.9 F/S1 16.0 12.6
C 8.5 7.7 C/S1 12.9 12.3
O 47.3 46.9 O/S1 71.2 75.1
S1 33.6 37.6
F/C 1.24 1.03 E/C 1.24 1.03

As shown i FIG. 20, the longer the adjustment time
becomes, amounts of tluorine (F) atoms left (deposited) on
the center portion and the edge portion of the upper electrode
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10 get closer to each other. This means that the distribution of
reaction products left (deposited) on the upper electrode 10 1s
made uniform.

Concrete processing conditions in FIG. 20 are, for
example, the oxygen gas flow rate of 1800 sccm, the HE/LF of
2000 W/0 W, the process pressure of 166 Pa (800 m'T:

orr), and
the processing time of 10 to 30 seconds.

FIG. 21 1s a graph 1llustrating the influence of adjustment
of the deposition state on the uniformity 1n the water surface
of the line width dimensions. The horizontal axis indicates the
position 1n the waler surface, and the vertical axis indicates
the line width of the oxide film 5. In the graph, “DEPOSI-
TION STATE NOT ADIJUSTED” represents line widths
when a next wafer has been dry-etched without performing
the aforementioned adjustment, and “DEPOSITION STATE
ADIJUSTED” represents line widths when a next watfer has
been dry-etched after performing the aforementioned adjust-
ment. The adjustment time was set to 30 seconds.

Asunderstood from FIG. 21, in the case of “DEPOSITION
STATE NOT ADJUSTED”, the difference in line width
dimension between the center portion and the edge portion of
the wafer 1s 3.4 nm, while 1n the case of “DEPOSITION
STATE ADJUSTED?”, the difference 1n line width dimension
can be reduced to 0.7 nm. This means that the uniformity 1n
the wafer surface of the line width dimensions can be
increased along with the accuracy of the line width dimen-
s10NS.

FI1G. 22 1s a graph 1llustrating the influence of adjustment
ol a deposition state on variations of line width dimensions
between walers. The horizontal axis indicates the deposition
state adjustment time, and the vertical axis indicates the varia-
tion of average line width dimensions in three waters.

As shown 1n FIG. 22, 1t 1s understood that the longer the
deposition state adjustment time becomes, the variation
becomes smaller, and line widths of the oxide film 5 are thus
made more uniform among the wafers. This means that the
qualities among manufacturing lots can be increased.

As described above, according to this embodiment, the
accuracy of line width dimensions of an oxide film and the
uniformity in the water surface of them can be increased by
adjusting a deposition state such as the amount and distribu-
tion state of reaction products 12 deposited on the upper
clectrode 10 during etching of the oxide film mask.

Furthermore, 1t becomes possible to adjust line width
dimensions of the oxide film during ashing by using reaction
products 14 deposited on the upper electrode 10 during etch-
ing of the oxide film, and the accuracy of the line width
dimensions and the uniformity in the water surface of them
can be thus increased.

Furthermore, by adjusting a deposition state such as the
amount and distribution state of reaction products 135 left
(deposited) on the upper electrode 10 after carrying out the
waler, the accuracy of line width dimensions of the oxide film
of a wafer dry-etched next and the uniformity in the watfer
surtace of the line width dimensions can be increased.

Furthermore, according to this embodiment, a conven-
tional lithography process can be added without modifica-
tion. For this reason, new line width dimension controller can
be added to line width dimension control made by a conven-
tional lithography process, so that the accuracy of the line
width dimensions and the uniformity in the water surface of
them can be significantly increased.

Furthermore, this embodiment 1s particularly effective in
such a case that a plurality of laminated films including oxide
films and organic materials (resists) are continuously etched
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in the same chamber at once, thereby significantly increasing
the accuracy of line width dimensions and the uniformity in
the wafer surface of them.

For convenience, the case 1s exemplified when performing,
all of: deposition state adjustment performed after etching of
an oxide film mask related to the first cause; ashing performed
using reaction products deposited by etching of an oxide film
related to the second cause; and deposition state adjustment
performed after carrying out a water related to the third cause.
However, 1t 1s not always necessary to perform all of them,
and each of them may be performed alone or 1n combination
with each other. Also 1n such a case, respective effects of the
deposition state adjustments can be enjoyed. However, the
larger the number of combinations becomes, the effects
become larger.

In this embodiment, 1t also becomes possible to provide a
reliable semiconductor device by adjusting line width dimen-
sions and the uniformity in the wafer surface of them as
described above.

Next, another embodiment of this invention will be
described, 1n which the influence of the reaction products
deposited in the chamber 1s monitored during etching any one
of stacked films, and the feedback or the feed forward control
1s conducted on the basis of the results.

As previously described with regard to FIG. 1 through FIG.
22, one big factor mnfluencing the dimension and the size of
patterns formed on the water by etching includes the amount
ol deposits (reaction products mvolved 1n reactions) on the
inner wall of the chamber to be etched. There exist, for
example, reaction products adhered to the upper electrode 10
(See FIG. 1) and the water surface or the like, and these
depend on strongly surface conditions (surface temperature,
surface roughness, composition or the like) of the upper elec-
trode and the watfer. Conventional observations of the inten-
sities of plasma emission lines including part of composi-
tional elements of the film to be processed and/or the
underlying film for detecting the interface of each film con-
stituting the stacked film do not include much information of
deposits 1n the chamber, therefore differences among pro-
cessing devices with regard to dimensions and shapes, fluc-
tuations within a lot and variations with time are produced.

As an example, process of the lower resist layer 4 after
process the oxide film 3 1n the stacked mask structure being
comprised of the upper resist layer 2, the oxade film 3 and the
lower resist layer 4 as shown 1n FIG. 1 will be described. In
this case, as previously described, deposits containing CFEx
remain 1n the chamber after processing of the oxide film 3.
The deposited CEFx dissociates during the process of the lower
resist layer 4, F (fluorine) radical sandwiches the oxide film 3
and dimensions dwindle. The amount of residual F radical
changes with the condition of the inner wall of the chamber
such as the upper electrode 10, and dimension dwindling
varies 1n response to the condition. Since the amount of the
residual fluorine 1s influenced by vanations with time in the
chamber and device differences, 1t 1s becoming hard to con-
trol dimension changes influencing device characteristics
only by the conventional end point detection of each film
and/or chamber cleaning.

In contrast, in the embodiment, information (plasma emis-
s1on 1tensity or the like) about the residual amounts of ele-
ments comprising deposits in the chamber 1s obtained during
ctching any one of films comprising the stacked film or during
cleaning deposits in the chamber. And then, on the basis of 1t,
teedback and/or feed forward control of etching and cleaning
in other step are conducted. As a result, differences among
walers with regard to dimensions and shapes and differences
among devices can be reduced. Further, dependence on
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cumulative discharge time and differences among products
(difference of resist cover ratio) can be reduced.

FIG. 23 1s a schematic view 1llustrating a process flow of
dry-etching the water W having the stacked mask 1 illustrated
in FIG. 1.

At first, the oxide film 3 1s etched by RIE using the upper
resist layer 2 as a mask (Step S110). Next, as previously
described with regard to FIG. 1C, a cleaming for adjusting the
deposition state of reaction products deposited 1n the chamber
(heremaftter, merely ‘cleaning’ is referred) 1s conducted (Step
S112). The cleaning can be conducted using at least any one
ol oxygen 10n, oxygen radical, hydrogen 1on, hydrogen radi-
cal and oxygen radical or the like as described previously.
Furthermore, gases including CH or CO can be added as
described previously. In this way, the amount of deposits such
as CFx deposited in the chamber after processing the oxide
film 3 can be adjusted.

Thereatfter, the lower resist layer 4 1s etched by RIE (Step
S114). Using the stacked mask formed like this, the oxide film
5 1s etched and the specified pattern 1s formed (Step S116).
After that, the lower resist layer 4 1s removed by ashing (Step
S118).

In the process like this 1n the embodiment, feedback or feed
torward control 1s conducted.

FI1G. 24 1s a schematic view illustrating a process flow in
conduct of the feedback control.

At first, 1n the nth slot, etching of the oxide film 3 (Step
S110), cleaning (Step S112), etching of the lower resist 4
(Step S114), etchuing of the oxide film 5 (Step S116), ashing
(Step S118) are conducted. At this time, as previously
describe, 1n the etching step of the lower resist layer 4 (Step
S114), the amount of residual deposits including CF 1n the
chamber influence strongly concrete dimensions. Then, the
emission intensity from CFx usually not observed 1s observed
during etching of the lower resist layer 4. If the correlation
relationship between the emission intensity of CF and the
concrete dimensions 1s known, the feedback to the cleaning
condition 1n the next (N+1)th slot (Step S112) 1s conducted so
as to maintain the constant CF intensity. Specifically, for
example, the feedback of cleaning time 1s conducted. In this
way, differences among wafers with regard to dimensions and
shapes and differenced among devices can be reduced. Fur-
ther, dependence on cumulative discharge time and ditfer-
ences among products (difference of resist cover ratio) can be
reduced.

Here, by detecting an end point of CFx emission in the
simple cleaning (Step S112), the residual amount of CEFX 1n
ctching of the next lower resist layer 4 (Step S114) can also be
controlled in the specified range. However, 1n the cleaning
(Step S112), conditions giving no damage to walers, for
example, high pressure and low power, are necessary and a
short treatment time 1s needed. As a result, an emission inten-
sity of the plasma and a time enough for the end point detec-
tion may not be obtained.

In contrast, 1n the embodiment, the influence by reaction
products deposited 1n the chamber can be 1nvestigated based
on the emission mtensity of CFx 1n the etching of the lower
resist layer 4 (Step S114). On the basis of the result, the
teedback control 1s conducted to conditions in the next clean-
ing and the followings (Step S112). For example, when the
emission intensity of CFx 1s large 1n the etching of the lower
resist layer 4 (Step S114), cleaning times 1n the next cleaning,
and the followings are prolonged. On the other hand, when
the emission intensity of CFx 1s small in the etching of the
lower resist layer 4 (Step S114), cleaning times 1n the next
cleaning and followings are shortened. In this way, the 1nflu-
ence by deposits 1n the chamber can be maintained within the
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speciflied range, and fluctuation of dimensions and shapes
among walers can be suppressed.

On the other hand, in the embodiment, feed forward control
1s also possible.

FIG. 25 1s a schematic view 1llustrating a process flow 1n
conduct of feed forward control. That 1s to say, in the etching
of the lower resist layer 4 (Step S114), information about the
residual amount of reaction products deposited 1n the cham-
ber 1s obtained. And then, on the basis of results, the feed
torward control 1s conducted to Conditions 1n next etching of
the oxide film 5 (Step S116).

For example, 1f the correlation relationship between the
emission 1ntensity of CFx observed during the etching of the
lower resist layer 4 (Step S114) and the concrete dimensions
after the etching of the oxide film 3, the concrete dimensions
can be corrected by adjusting the etching time of the etching
of the oxide film 5 (Step S116). Moreover, a flow rate of
ctching gases and compositions can be adjusted in stead of
adjusting the etching time of the oxide film 5.

Hereinafter, the feedback control and the feed forward
control 1n the embodiment will be described 1n detail with
reference to examples.

Here, patterning the water having the stacked film shown in
FIG. 1 using the process shown in FI1G. 23 will be described.
In this case, the etching of the oxide films 3, 5 (Step S110,
S116) can be conducted using gases including CEFx, the clean-
ing (Step S112) can be conducted by gases including properly
O,, CO, N, or the like and the process of the lower resist layer
4 (Step S114) can be conducted by gases including O,, N,
CO or the like.

FIG. 26 1s a graph 1llustrating a time dependence of the
plasma emission intensity of CFx during the process of the
lower resist layer 4. Here, the horizontal axis indicates an
clapsed time from the start of the processing of the lower
resistlayer 4 (Step S114). And an emission near a wave length
of 262 nm 1s observed for the plasma emission of CFx.

Moreover, FIG. 26 shows four cases with different clean-
ing times (Step S112) conducted before the process of the
lower resist layer 4 (Step S114). That 1s, cases of the cleaning
time, zero (no cleaning), 5 seconds, 10 seconds, 15 seconds,
are shown, respectively. It 1s clear that the longer the cleaning
time, the smaller the peak ntensity of CF plasma emission
during the process of the lower resistlayer 4 (Step S114). That
1s, 1t 1s clear that the longer the cleaming time, the more the
residual deposit of CFx 1n the chamber (including on the
waler surface) removed.

FI1G. 27 1s a graph illustrating a cleaning time dependences
of the maximum/minimum peak intensity ratio of the CF
plasma emission as shown 1n FIG. 26 and pattern dimensions
alter the processing.

As shown 1n FIG. 26, the maximum peak intensity of the
CF plasma emission appears at 1 to 2 seconds atter the start of
the etching of the lower resist layer 4. On the other hand, the
minimum peak intensity 1s defined as the peak intensity at the
end of the etching of the lower resist layer 4 1n respective
curves indicated 1in FIG. 26. Moreover, the pattern dimen-
sions after the processing are obtained by measuring the
pattern dimensions of the oxide film 5.

As shown i FIG. 27, when the cleaning time 1s less or
equal to 5 seconds, the maximum/minimum peak intensity
ratio of the CF emission 1s large and the concrete pattern
dimensions are small. On the other hand, when the cleaning
time 1s more than 5 seconds, the maximum/minimum peak
intensity ratio of the CF emission decreases and the pattern
dimensions have a tendency to increase and stabilize. In a
short cleaning time, residual deposits of CFx can not be fully
removed, on the contrary, with a too long cleaning time, there
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1s a fear of dimension dwindling and pattern 1solation by the
side etching of the lower resist layer 4 during the cleaning.

In the specific example, for example, the cleaning time of
15 seconds can be assumed to be the center condition as the
condition which a broad process margin can be assured and
the pattern dimensions are maximized. In this case, 1.85
being the maximum/minimum peak intensity ratio at the
cleaning time of 15 seconds 1s taken to be the center value.

Dimension correction can be performed using the correla-
tion between the cleaning time obtained from FIG. 27 and the
maximum/mimmum intensity ratio of the CF emission peaks
during RIE of the lower resist layer.

FIG. 28 1s a graph illustrating the amount of correction of
the cleaning time necessary for correcting disagreement from
the center value (most optimum value 1s 1.850) of the maxi-
mum/minimum peak intensity read from FIG. 27.

For the process operated on the cleaning time of 15 sec-
onds, for example, when the maximum/minimum peak inten-
sity rat1o ol the CFx plasma emission during the process of the
lower resist layer 4, the next cleaning time 1s not corrected and
the cleaning 1s conducted for the time as set.

On the other hand, for example, the maximum/minimum
peak intensity ratio of the CF plasma emission during the
process of the lower resist layer 4 1s assumed to 1ncrease to
1.93. In other words, a deviation of plus 0.1 from 1.85 being
the center value 1s assumed. In this situation, the cleaning
time 1s increased by plus 3 seconds to correct the deviation of
plus 0.1. That 1s, the cleaning time 1s taken to be 18 seconds 1n
the next cleaning (Step S112). This means that the residual
CFx 1s reduced by increasing the cleaning time on the basis of
the increase of the CFx plasma emission intensity observed
during the process of the lower resist layer 4.

In this way, on the basis of information of the CFx plasma
emission intensity observed during the process of the lower
resist layer 4, the amount of the residual CFx in the chamber
1s estimated and the feedback to the next cleaning 1s per-
formed. As a result, the amount of the residual CFx 1n the
chamber can always be controlled 1n the specified range and
the concrete dimension of the pattern can also be maintained
in the specified range.

FIG. 29 1s a graph illustrating a result controlled by the
teedback based on the embodiment. That is to say, the vertical
axis of FIG. 29 shows the number of processed slot and the
horizontal axe shows the concrete pattern dimension of the
oxide film 5 1n each walfer.

In the comparative example without the feedback control,
a tendency of increase of the pattern dimension 1s observed 1n
response to the progress of processed slot. It 1s considered that
this 1s because the amount of residual CFx on the mnner wall of
the chamber and on the waler may decrease 1in response to the
progress ol the processed slot as the cleaning effect becomes
greater. On the contrary, 1n the example with the feedback
control based on the embodiment, the concrete pattern dimen-
s10n 1s constant and stable 1n spite of the progress ol processed
slot. In other words, 1t 1s clear that the influence of the residual
CFx or the like 1s corrected and dimensions are controlled.

FI1G. 30 1s a block diagram of the etching apparatus accord-
ing to the embodiment.

This etching apparatus has a chamber 9 1n which a wafer as
the body to be processed can be held. The inner space of the
chamber 9 can be maintained to a reduced pressure by an
exhausting system 20. And then, a specified gas atmosphere
of a specified pressure can be formed by introducing a speci-
fied gas from a gas supply system 30. Formation of plasma 1n
the chamber 9 1s possible by ntroducing radio frequency
from high frequency power supplies 17, 18. Moreover, a
waler can be carried in and out the chamber 9 by a water
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carrving section 40. And then a emission momtor 50 1is
attached to the chamber 9 and the plasma emission can be
measured.

A control section 60 controls operation of each element
and further controls process based on results observed by the
emission monitor 50. Moreover, a data store section 70 stores
a data base for the feedback control or the feed forward
control. For example, the data base includes the data of cor-
relation between the deviation of the emission peak intensity
ratio 1llustrated in FIG. 28 and the cleaning correction time.
The control section 60 conducts properly the feedback con-
trol or the feed forward control based on the database stored
in the data store section 70.

By the way, the data store section 70 does not always need
to be provided integrally with the etching apparatus 8. For
example, when there 1s a host computer controlling lines of a
semiconductor manufacturing plant, the data store section 70
may be provided as a part of the data base controlled by the
computer. In this situation, the data store section 70 can be
provided apart from the etching system 8 and can supply the
specified data to the control section 60 through a wire, wire-
less or recording media.

FIG. 31 1s a flow chart illustrating the feedback control
conducted 1n the etching apparatus of the embodiment.

The wafer 1s carried 1n the chamber 9 by the water carrying,
section, then the chamber 9 1s evacuated by the exhausting
system 20 and the specified gas in itroduced from the gas
supply system 30. The specified plasma 1s produced by apply-

ing radio frequency from the high frequency power supplies
17, 18.

At first, the oxade film 3 1s etched using the upper resist
layer 2 (See FIG. 1) as a mask (Step S110). Next, a gas
introducing to the chamber 9 1s replaced by the gas supply
system 30 and the cleaning for adjusting a deposited state of
reaction products deposited in the chamber 1s conducted
(Step S112). Thereaftter, a gas mtroducing to the chamber 1s
replaced again by the gas supply system and the lower resist

layer 4 1s etched (Step S114).

In this step, as previously described with regard to FI1G. 26,
the CFX plasma emission intensity 1s measured by the emis-
sion momitor 50. Then, when the maximum/minimum peak
intensity ratio increases above the center value (Step S202:
yes), the next cleaning time 1s increased (Step S212) as pre-
viously described with regard to FIG. 26 to FIG. 29. At this
time, the control section 60 refers properly to the data stored
in the data store section 70. On the other hand, when the
maximum/mimmum peak mtensity ratio decreases below the
center value (Step S204:yes), the next cleaning time 1s
decreased as previously described with regard to FIG. 26 to
FIG. 29 (Step S214). Also at this time, the control section 60

refers properly to the data stored 1n the data store section 70.

Thereatter, the oxide film 5 1s processed and the specified
pattern 1s formed (Step S116). After that, the lower resistlayer
4 1s removed by ashing (Step S118), the processed wafer 1s
carried out the chamber 9 by the wafer carrying section 40 and

the next slot water 1s introduced into the chamber 9 (Step
S120).

And then, after etching the oxide film 3 (Step S110), the
new water 1s cleaned (Step S112). At this time, 11 the cleaning
time 1s 1creased (Step S212) or decreased (Step S214) 1n the
precedent slot, the control section 60 conducts the cleaning to
reflect the correction. If the process like this 1s conducted, the
teedback control of the cleaning time 1s possible in response
to the amount of the residual CFx 1n the chamber 9, and the
concrete dimension of the oxide film 5 can always be 1n the
definite range.
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FI1G. 32 1s a flow chart illustrating the feed forward control
conducted 1n the etching system of the embodiment.

In the example, when the maximum/minimum peak nten-
sity ratio of the CFx plasma emission increases above the
center value (Step S202: yes) during the etching of the lower
resistlayer 4 (Step S114), the control section 60 decreases the
next cleaning time of the oxide film 5 (Step S222). On the
other hand, the maximum/minimum peak intensity ratio of
the CFx plasma emission decreases below the center value
(Step S204: yes) during the etching of the lower resist layer 4
(Step S114), the control section 60 increases the next cleaning
time of the oxide film 5 (Step S224).

In this situation, for example, the data base of correlation
between the maximum/minmimum peak intensity ratio of the
CFx plasma emission during the etching of the lower resist
layer 4 and the optimum etching time for the concrete dimen-
s1on of the oxide film 5 being a set point 1s stored 1n the data
store section 70. The data base like this can be created based
on results of experiments and trial productions performed 1n
advance as well as the data base previously described with
regard to FIG. 28. In other words, the data base may be
renewed every conduct of the waler process.

In this way, the feed forward control of the cleaning time of
the oxide film 3 1s possible 1n response to the amount of the
residual CFx 1n the chamber 9 (including the water surface),
and the concrete dimension can always be in the definite
range.

Up to this point, the embodiment of the invention 1s
described with reference to concrete example. However, the
present invention 1s not limited to these concrete examples.

Design changes made to the aforementioned concrete
examples as appropriate by those skilled 1n the art are also
included in the scope of the present invention as long as they
have features of the present mnvention.

For example, as the reactive 1on etching (RIE) apparatus 8,
a parallel plate type RIE apparatus 1s exemplified, however,
the reactive 1on etching (RIE) apparatus 8 1s not limited to
this. For example, a magnetron RIE apparatus, a triode RIE
apparatus, a surface-wave plasma etching apparatus, a heli-
con-wave plasma etching apparatus, an induction coupled
plasma etching apparatus, or the like may be used. In these
cases, a component such as a dielectric window provided so
as to face a waler may be shown as an example corresponding
to the upper electrode 10. Furthermore, for generation of the
plasma, microwave power may be used instead of the high-
frequency power.

Shapes, arrangement, sizes, materials, etc. of the chamber
9, upper electrode 10, high-frequency power supply 17,
mounting bed 11, high-frequency power supply 18, etc. of the
reactive 1on etching (RIE) apparatus 8 are not limited to ones
shown 1n the figures and may be changed or modified as
appropriate.

Furthermore, as the laminated mask 1, three-layer one 1s
shown as an example, but the number of layers 1s not limited
to three and may be changed as appropnate.

Furthermore, as the oxide film, a S10, film 1s shown as an
example, but the oxide film 1s not limited to this, and a
tetracthylorthosilicate (TEOS) film, a boron-silicate glass

(BSG) film, a boron-phospho-silicate glass (BPSG) film, a
coated oxide film, or the like may be selected as appropriate.

The mvention claimed 1s:
1. A method of manufacturing a semiconductor device
comprising;
etching a first film provided on a water 1n a chamber;
removing at least part of reaction products deposited on a
component in the chamber facing the water by the etch-
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ing to cause a distribution state of the deposited reaction
products to get closer to a uniform state; and

then etching a resist film provided on the wafer 1n the

chamber.
2. The method of manufacturing a semiconductor device
according to claim 1, wherein a gas containing CH, gas 1s
used for removal of the reaction products, and an amount of
the CH, gas added to the gas 1s 1 wt % or more and less than
8.3 wt %.
3. A method of manufacturing a semiconductor device
according to claim 1 further comprising:
removing at least part of reaction products deposited on the
component 1n the chamber facing the wafer to cause a
distribution state of the deposited reaction products to
get closer to a uniform state after the waler has been
carried out of the chamber.
4. A method of manufacturing a semiconductor device
according to claim 1, wherein
ctching the first film provided on the water 1n the chamber
forms a pattern, the method further comprising:

adjusting size of the pattern using radicals generated from
reaction products, when a mask leit on the pattern 1s
removed, the reaction products having been deposited
on the component 1n the chamber facing the water by the
etching.

5. The method of manufacturing a semiconductor device
according to claim 4, wherein the adjusting includes applying
an RF bias to the water.

6. The method of manufacturing a semiconductor device
according to claim 4, wherein the first film 1s a silicon oxide
f1lm.

7. A method of manufacturing a semiconductor device
comprising;

ctching a first film provided on a wafer 1n a chamber;

removing at least part of reaction products deposited in the

chamber by the etching; and

ctching a resist film provided under the first film on the

walfer,

information regarding an amount of the reaction products

deposited 1n the chamber being obtained 1n at least one
of etching the first film, removing the reaction products
and etching the resist film, and

a feedback being conducted to at least one of etching the

first film, removing the reaction products and etching the
resist film 1n regard to a next water, based on the infor-
mation.

8. The method of manufacturing a semiconductor device
according to claim 7, further comprising etching a third film
provided under the resist film on the wafer.

9. The method of manufacturing a semiconductor device
according to claim 7, wherein the first film 1s made of silicon
oxide.

10. The method of manufacturing a semiconductor device
according to claim 7, wherein the information regarding an
amount ol the reaction products 1s obtained by measuring
plasma emission.

11. The method of manufacturing a semiconductor device
according to claim 7, wherein a gas containing CH, gas 1s
used for removal of the reaction products, and an amount of
the CH, gas added to the gas 1s 1 wt % or more and less than
8.3 wt %.

12. A method of manufacturing a semiconductor device
comprising;

ctching a first film provided on a water placed in a cham-

ber:

removing at least part of reaction products deposited in the

chamber by the etching;
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etching a resist film provided under the first film on the
wafter; and

ctching a third film provided under the resist film on the
walfer,

information regarding an amount of the reaction products
deposited 1n the chamber being obtained 1n at least one
of etching the first film, removing the reaction products
and etching the resist film, and

a feedforward being conducted to etching the third film.

13. The method of manufacturing a semiconductor device
according to claim 12, wherein the third film 1s made of
s1licon oxide.

10
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14. The method of manufacturing a semiconductor device
according to claim 12, wherein the first film 1s made of silicon
oxide.

15. The method of manufacturing a semiconductor device
according to claim 12, wherein the information regarding an
amount of the reaction products 1s obtained by measuring
plasma emission.

16. The method of manufacturing a semiconductor device
according to claim 12, wherein a gas containing CH,, gas 1s
used for removal of the reaction products, and an amount of
the CH, gas added to the gas 1s 1 wt % or more and less than
8.3 wt %.
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